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Introduction:  Since  the  beginning  of  the
exploration  of  Mars  from  space,  many  dataset  have
been  published  describing  the  physical  and
mineralogical properties of the planet surface. In this
endeavor,  spectrometers  in  the  near  and  thermal
infrared (IR ~1 to 100 µm) have been essential. In the
recent history of the Martian surface exploration, the
Thermal  Emission Spectrometer  (TES onboard  Mars
Global Surveyor, 5.8-50 µm, [1]) and the Observatoire
pour  la  Minéralogie,  l'Eau,  les  Glaces  et  l'Activité
(OMEGA on  board  Mars  Express,  0.4-5.1  µm,  [2])
have  greatly  improved  our  understanding  of  the
Martian surface history.  

At the midlatitudes of Mars, the temperature of the
surface typically varies from 200 K to 280 K. In these
conditions, the radiance measured from orbit is either
composed of sunlight reflected by the surface (in  what
is called the near IR, or NIR), or the radiance thermally
emitted by the surface (the thermal IR), or both. The
Figure 1 show the relative contribution of these two
components in the transitionnal domain (2.5-5µm).  

In this domain, a separation of the two components
is  necessary  to  assess  the  properties  of  the  surface
such as reflectance and temperature, which in turn give
us insights into the mineralogical and thermophysical
properties,  and  thus  to  the  history  of  the  Martian
surface. Here we propose an algorithm to perform this
separation using the OMEGA dataset. We describe our
method  and  present  the  result  available  for  the
community, the first global map of the Martian surface
emissivity at 5 µm.

Data:  We  use  data  from  the  OMEGA imaging
spectrometer which has been orbiting Mars since 2004
onboard  the  Mars  Express  probe  [2].  OMEGA  is
composed  of  three  detectors  or  channels  :  VIS
(0.4-1µm),  C  (1-2.7  µm)  and  L (2.6-5.1  µm).   An
OMEGA data  unit  is  a  cube  :  2  spatial  dimension
composing  an  image  and  a  third  spectral  dimension
composed of 352 elements called spectels.  Following
previous  work  on  the  C  and  L channels  [3,4],  we
implement  data  filtering  procedures  based  on  data
quality,  artifacts  removal,  detector  temperature,
geometric conditions, on board calibration quality, dust
load  in  the  atmosphere,  surface  ices  and  water  ice
clouds removal. We come up with about 700 million
individual  pixels,  with  a  near  global  coverage  and
spanning 4 full Martian years.

Emissivity computation: As can be seen in figure
1, the portion of the radiance emitted by the surface is
a function of the surface temperature in the L channel
range, and especially at 5 µm. Formally, the radiance
measured by the instrument Isat at a given wavelength λ
is a combination of the reflected-diffused sunlight and
the thermal radiance as follow:

With Hatm and H'atm the atmospheric contributions
(from gas and aerosols), ISun the sunlight at Mars, i the
incidence angle,  IPlanck the blackbody emission, T the
surface temperature, r and ε the surface reflectance and
emissivity.  At 5 µm, the surface temperature can be
derived from OMEGA data if it is above ~190 K [4,6].
The temperature  retrieval  method previously  used  is
base on composite end-members reflectance spectra of
the Martian surface established by [7] as described in
[6].  Simply  stated,  it  used  the  surface  reflectance
computed from the C channel (at 2.4 µm, without any
thermal emission from the surface) to extrapolate the
reflectance  at  5  µm  by  comparison  with  the  two
end-members spectra. 

In this work, this former method was compared to a
new  one  that  consists  in  computing  emissivity  and
temperature at the same time. We consider the last  4
spectels  of  the  L channel  (5  to  5.1  µm)  and  use  a
convergence  algorithm  (a  simplex)  to  find  the  four
emissivities  and  the  pixel  temperature  (which  is  the
same  for  all  spectels).  Temperatures  retrieved  with

Fig.  1: Fraction  of  the  radiance  measured  by  an
orbiting spectrometer coming from the surface thermal
emission.  Different  typical  surface  temperatures  are
represented in different colors.

I sat (λ)=H atm(λ)r (λ) I Sun(λ)cos (i)
+ ´Hatm(λ)ϵ(λ )I Planck(λ , T )
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both methods are similar, as illustrated in figure 2. The
retrieved  high  resolution  gobal  map  of  surface

emissivity  at  5  µm  (60  ppd,  filled  at  98.13%)  is
presented in figure 3.

Results:  The good agreement between T retrieved
with  both  methods  allow  us  to  refine  the  OMEGA
surface temperature uncertainty estimation at 1.5 K (3
sigma,  intrumental  noise and modelling uncertainties
combined). The first order correlation bewteen 5 µm
emissivity and solar albedo (see figure 3 and brother
abstract  at  this  conference)  highlight  the key role of
dust even in the transitional IR domain and make us
confident in the robustness of the emissivity retrieved.
This  un-precedented  dataset  of  the  Martian  surface
emissivity at 5µm is made available for download and
use  to  the  community  through  the  PSUP  and
MarsVISU portals [8] at  http://psup.ias.u-psud.fr .
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Fig.  2  :  a) comparison  of  temperatures  computed
using  the  two  different  methods  (see  text).  Color
indicates density from white to red. The entire dataset
is represented and the black line is  the y=x line.  b)
Histograms of  temperatures  computed using the two
methods. Fig. 3 :  60ppd, 98.13 % filled global map of surface 

emissivity at 5 µm computed from OMEGA data. 
Accessible through the PSUP portal [8].

1972.pdfLunar and Planetary Science XLVIII (2017)

http://psup.ias.u-psud.fr/

